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(57) Abstract 

A process is disclosed for producing an oxidaed liquid phase with minimal dissolved gases from a wet oxidation treatment system. 
"* c ° x, ™ t! °? mixturc cxltin S from treatment system enters a first separator vessel operated at superatmospheric pressure where gaseous 
and liquid phases separate. The superatmospheric gases are routed to further treatment or discharged to the environment. The aqueous 
phase flows to a second separator vessel operated at essentially atmospheric pressure where additonal dissolved gases separate from the 
liquid phase The gases are discharged and the liquid phase is suitable for storage or further treatment. Provision for adjusting the pH of 
the liquid phase during the separation process is also disclosed. > 
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TWO-STAGE SEPARATION PRQgESS 

1 . Field of the Invention 

This invention is concerned with a multiple stage separation process for gaseous and 
liquid phases from a wet oxidation system. 

2. Description of the Related Art 

Wet oxidation is a well known process for treatment of aqueous wastewaters. The 
process involves heating a mixture of the wastewater plus an oxygen-containing gas to elevated 
temperature and pressure to effect oxidation of oxidizable substances contained in the 
wastewater. All wet oxidation systems include one or more pressure control valves to regulate 
the flow of liquid, solids and gases from the high pressure part of the system to the low pressure 
part of the system. 

Ledding, in U.S. Patent No. 3,150,105, discloses a blow down tank or other suitable 
decompression vessel which receives the cooled regenerated carbon slurry from a wet oxidation 
reactor. No further description of the blow down tank is provided. 

In U.S. Patent No. 3,994, 702, Schweimanns et al. disclose a flooded sluicing chamber 
for ash removal from a pressurized gasification chamber. 

Meidl et al., in U.S. Patent No. 4,620,563 disclose a blowdown pot with an inlet pressure 
control valve through which the pot receives unwanted residue e.g., ash from a high pressure 
chemical reactor. This reactor residue can be continuously or semi-continuously blown out from 
the high pressure, high temperature chemical reactor into the relatively low pressure blowdown 
pot which includes means for maintaining al liquid level therein, thus minimizing steam flashing 
vessel wear. 

In U.S. Patent No. 5,01 1,1 14, Depuydt et al. disclose a pressure control valve with a 
valve seat and support assembly which extends beyond the valve body to prevent erosion by the 
blowdown slurry. The apparatus also includes a displacement-compensating seal between the 
valve and receiving vessel to allow for thermal expansion and contraction during the blowdown 
cycle while maintaining the integrity of the seal. f 

Lehmann et al. in U.S. Patent No. 5,389,264 disclose a process for dissipating the energy 
of a wet oxidation mixture after that stream traverses a pressure control valve. The depressurized 
stream is discharged into a phase separator vessel containing a gas phase and a liquid phase. The 
pressure control valve is positioned to discharge the oxidation mixture at a selected orientation 
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below the surface level of the liquid phase in the vessel. This dissipates the energy of the 
mixture and prevents erosion of the phase separator vessel. 

In general, a single stage separator vessel operating essentially at atmospheric pressure is 
employed in a wet oxidation flow scheme to effect separation of liquid and gaseous phases once 
5 the oxidized effluent mixture traverses the pressure control valve which maintains system 
operating pressure. This single stage separation produces a liquid effluent which may not be 
suitable for all applications. For example, significant amounts of gases, such as C0 2 , N 2 , and <X 
can remain dissolved in the separated liquid phase. When this liquid effluent is stored in a 
covered collection tank, these dissolved gases can come out of solution and collect within that 

10 tank, causing operational problems. 

Likewise, the separated gas phase, essentially at atmospheric pressure, may require 
further treatment which entails movement of the whole volume of gas through that treatment , 
process. Transfer of the gas requires expenditure of energy in some form, such as a blower, a 
compressor, or the like, entailing additional operating expense. Further, the gas phase from a 

1 5 single stage separator at atmospheric pressure contains a significant amount of water vapor. The 
water vapor adds expense to downstream gas phase treatment such as passage through a high 
temperature afterburner. Condensation of this water vapor can result in corrosion to the 
equipment in contact with the gas phase as well. 

Applicants have devised a process which produces a liquid effluent which does not have 

20 the drawbacks of the gas saturated effluent discussed above. Likewise, the resulting separated 
gas phase is obtained at a moderate pressure which allows the gas to be routed to further 
treatment without input of additional energy, and with a reduced water vapor content which 
simplifies further treatment. 

25 SUMMARY OF THE INVENTION 

The gas/liquid mixture from a wet oxidation process operating at elevated temperature 
and pressure is cooled by flowing through a process heat exchanger or other cooling means. The 
cooled oxidation mixture then traverses a pressure control valve to reduce the pressure to that 
sufficient to move the gas phase to any downstream treatment. The partially depressurized 
30 mixture flows into a first phase separation vessel where noncondensible gases are separated from 
liquid which is still saturated with gases at this operating pressure. The first separator has an 
upper gas outlet conduit controlled by a pressure controller and a pressure control valve and a 
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lower liquid outlet conduit controlled by a level controller and a level control valve. The liquid 



phases, saturated with gases, is depressurized through the liquid level control valve and flows to 
a second phase separation vessel operated essentially at atmospheric pressure. The 
depressurization removes the dissolved gases from the liquid phase in the second separator 
vessel. The gas phase from the second separator may be routed to further treatment or 
discharged to the environment. The liquid phase, now containing little if any dissolved gases 
may be stored in a suitable vessel or discharged to further treatment if necessary. This staged 
separator sequence fully degasses the liquid and prevents gases from collecting in an effluent 
storage vessel where the presence of a gas phase is undesirable. The pressurized gases from the 
first separator vessel still contain some energy, and need only to be routed to further treatment in 
this relatively low pressure state. In a further embodiment of the invention, a pH adjusting 
substance is added to the liquid effluent to provide a liquid phase pH suitable for further 
treatment or discharge of the liquid effluent. 



Wet oxidation systems operate at 150° - 350°C and at pressures of at least 1 00 psig, up to 
about 3,500 psig. Referring to FIGURE 1, an oxidized cooled wet oxidation mixture in a conduit 
10 flows through a pressure control valve 12 which depressurizes the oxidation mixture to a 
pressure sufficient to move the gas phase to any downstream treatment, including passage 
through all necessary control valves. Typically a pressure of about 10 psig is sufficient for this 
purpose, although higher pressures may be suitable or even required in some situations. The 
partially depressurized mixture flows through another conduit 14 and into a first separator vessel 
1 6 where the gaseous phase and the liquid phase separate. The pressure within the first separator 
vessel is maintained at the desired superatmospheric pressure (at least about 10 psig) by a 
pressure controller 18 which operates a pressure control valve 20. This valve 20 controls the 
gaseous phase flow through the outlet conduit 22 exiting near the top of the separator vessel 1 6. 
A demister device 24 may assist in phase separation within the vessel. Optionally, a gas/liquid 
scrubber 21 may be located between the first separator vessel 16 and the pressure control valve 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows a schematic diagram for the two stage separation process applicable to 
the effluent from a wet oxidation system. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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20 to condition the gas stream flowing through the outlet conduit 22 prior to the gas phase 
traversing the pressure control valve 20. 

The liquid phase is maintained at the desired level in the vessel 16 by a level controller 26 
which operates a level control valve 28. This valve 28 controls the liquid phase flow through the 

5 outlet conduit 30 exiting near the bottom of the first separator vessel 16. 

The majority of the noncondensible material in the oxidized effluent mixture enters the 
gaseous phase in the first separator vessel 16. The liquid phase, however, is saturated with gases 
at the operating pressure of this first stage of separation which ranges upward from about 10 
psig. The great majority of the gases are separated into the gaseous phase. As additional liquid 

10 and gases enter the separator vessel 16, the pressure increases and the liquid level rises. The 
pressure controller 18 maintains the desired pressure (at least about 10 psig) by modulating the 
flow of the gaseous phase through the conduit 22 using the pressure control valve 20. As the 
liquid level rises, which is sensed by the level controller 26, a portion of the liquid flows through 
the exit conduit 30, through the level control valve 28, and through a conduit 32 to a second 

15 separator vessel 34 operated essentially at atmospheric pressure. Thus, the operating pressure 
and liquid level within the first separator vessel are maintained within selected operating 
parameters. 

Within the second separator vessel 34, the gas saturated liquid phase encounters 
essentially atmospheric pressure conditions and the soluble gases are transferred to the gaseous 

20 phase which exits the vessel 34 via a vent conduit 36. A demister 38 may be used to retain fine 
droplets of liquid in the vessel 34. The liquid phase in the second separator is maintained at the 
desired level in that vessel 34 by a second level controller 40 which operates a second level 
control valve 42. This valve 42 controls the liquid phase outlet flow through the conduit 44 
exiting near the bottom of the second separator vessel 34. Optionally, a centrifugal pump 43 

25 connected in the liquid phase outlet conduit 44, ahead of the level control valve 42, may assist in 
removing the liquid from the second separator vessel 34. 

As mentioned earlier, the majority of the gaseous components from the wet oxidation 
mixture are separated into a first gas phase in the first separator vessel 16. This pressurized gas 
can be routed to further treatment without imparting additional energy to the gas. Further, there 

30 Is economy in pressurized gas handling in that smaller sized vessels and piping can be used, 

providing an economic benefit for the process. Additionally, the pressurized gases from the first 
separator vessel have a reduced water vapor content compared to the gases discharged from a 
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system without a pressurized separator. The reduced water vapor content decreases the cost of 
downstream gas phase treatment, such as passage through a high temperature afterburner. 
Likewise, corrosion of the gas phase handling equipment in contact with water condensed from 
the gases is minimized by low humidity gases. This pressurized separation thus improves the 
5 handling and further treatment of these pressurized gases. 

The volume of gas phase generated in the second separator vessel 34 is generally quite 
small. Only the gases soluble in the liquid phase entering from the first separator vessel are 
liberated within the second separator vessel. The liquid phase exiting from the second separator 
vessel 34 via the exit conduit 44 is essentially free of excess dissolved gases. There is no 

10 supersaturation of the separated liquid phase with gases as can occur with a single stage separator 
system. Thus any problems associated with dissolved gases coming out of solution from the 
oxidized liquid phase in downstream treatment or storage are avoided. 

In a further embodiment of the invention, there may be situations where it is necessary to 
adjust the pH of the oxidized liquid phase to a preselected range prior to discharge from this 

15 phase separation process. To accomplish this pH adjustment, a pH adjusting substance, either 
acidic or basic, is added to the liquid phase after it has passed from the first separator vessel 16 
through the level control valve 28. The pH adjusting substance, stored in a tank 50, is added to 
the liquid in the conduit 32 from a conduit 52 supplied from a pump 54 drawing from the tank 
50. The amount of pH adjusting substance added is controlled by a pH controller 56 which 

20 monitors pH downstream of the addition point, such as within the second separator vessel 34. 

For example, the oxidized liquid phase from the first separator vessel 16 may have a basic 
pH and fiirther biological treatment requires a pH near neutral. Thus the pH controller 56 adjusts 
the addition of acidic material to maintain the liquid pH within the second separator vessel in the 
pH range of 6 to 8. In this case, an acid solution, such as sulfuric or hydrochloric acid, is added 

25 to the liquid in the conduit 32 to neutralize the basic components in the liquid and to produce a 
liquid with pH in the desired range, suitable for discharge. This particular pH adjustment may 
result in the generation of additional gases, such as C0 2 , in the second separator vessel. 
Similarly, an acidic liquid effluent may require the addition of a solution of basic substance, such 
as caustic soda or metal carbonate, to neutralize the liquid to a pH suitable for discharge. 

30 Likewise, this pH adjustment may result in the generation of additional gases in the second 
separator vessel. 

In an alternative embodiment of the invention, the pH adjusting substance may be added 
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to the oxidation mixture after it traverses the first pressure control valve 12, as it flows through 
the inlet conduit 14 to the first separator vessel 16. The pH adjusting substance is added from a 
conduit 58, also supplied from the pump 54 drawing from the tank 50 to produce an oxidized 
liquid in the first separator vessel with pH in the preselected range. In this embodiment, any 
5 gases produced by the pH adjustment enter the gas phase found in the first separator vessel 1 6. 
In some cases it may be required to produce an oxidized liquid phase which is extremely acidic 
or basic. The pH adjusting steps described will accommodate such a requirement with little 



10 preferred embodiment thereof, it will be understood by those skilled in the art that various 

changes in form and details may be made therein without departing from the spirit and scope of 
the invention. 



difficulty. 



While the invention has been particularly shown and described with reference to a 



What is claimed is: 
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1 . A process for producing a wet oxidation liquid effluent with a minimal amount of 
dissolved gases therein, and a significant portion of a gaseous phase at superatmospheric pressure 
5 comprising: 

a) discharging a cooled wet oxidation mixture of liquid and gases from a wet 
oxidation system operating at elevated temperature and superatmospheric pressure, through a 
first pressure control valve to a first separator vessel maintained at a superatmospheric pressure 
lower than said oxidation system, to form a first noncondensed gas phase and a first oxidized 

10 liquid phase therein; 

b) discharging said first separated noncondensed gas phase from said first separator 
vessel to further treatment or to the environment; 

c) discharging said first separated oxidized liquid phase from said first separator 
vessel, through a first level control valve, to a second separator vessel maintained at essentially 

15 atmospheric pressure, to form a second noncondensed gas phase and a second essentially 
degassed oxidized liquid phase therein; 

d) discharging said second gas phase from said second separator vessel; and 

e) discharging said essentially degassed oxidized liquid phase from said second 
separator vessel. 

20 

2. The process according to claim 1 further comprising adjusting the pH of said first 
separated oxidized liquid phase to a preselected range by adding a pH adjusting substance to said 
oxidation mixture after said mixture passes through said first pressure control valve. 

The process according to claim 2 wherein said pH adjusting substance is an acidic 

4. The process according to claim 3 wherein said pH adjusting of said first liquid 
phase generates additional gases which enter said first noncondensed gas phase. 

30 



25 3. 
material. 



5. The process according to claim 2 wherein said pH adjusting substance is a basic 
material. 
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6. The process according to claim 5 wherein said pH adjusting of said first liquid 
phase generates additional gases which enter said first noncondensed gas phase. 

7. The process according to claim 1 further comprising adjusting the pH of said first 
5 separated oxidized liquid phase from said first separator vessel to a preselected range by adding a 

pH adjusting substance thereto after said first separated oxidized liquid phase has discharged 
through said first level control valve. 

8. The process according to claim 7 wherein said pH adjusting substance is an acidic 
10 material. 

9. The process according to claim 8 wherein said pH adjusting of said first liquid 
phase generates additional gases which enter said second noncondensed gas phase. 

15 10. The process according to claim 7 wherein said pH adjusting substance is a basic 

material. 

1 1 . The process according to claim 10 wherein said pH adjusting of said first liquid 
phase generates additional gases which enter said second noncondensed gas phase. 

20 

12. The process according to claim 1 wherein said superatmospheric pressure in said 
first separator vessel is maintained by a pressure controller and a second pressure control valve 
which modulates the discharge of said first gaseous phase therefrom. 

25 13. The process according to claim 1 wherein said superatmospheric pressure in said 

first separator vessel is at least about 10 psig. 

14. The process for producing a wet oxidation liquid effluent with a minimal amount 
of dissolved gases therein, and a significant portion of a gaseous phase at superatmospheric 
30 pressure comprising: 

a) discharging a cooled wet oxidation mixture of liquid and gases from a wet 
oxidation system operating at elevated temperature and superatmospheric pressure, through a 
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first pressure control valve to a first separator vessel maintained at a superatmospheric pressure 
lower than said oxidation system, to form a first noncondensed gas phase and a first oxidized 
liquid phase therein; 

b) discharging said first separated noncondensed gas phase from said first separator 
5 vessel to further treatment or to the environment; 

c) discharging said first separated oxidized liquid phase from said first separator 
vessel, through a first level control valve, to a second separator vessel maintained at essentially 
atmospheric pressure, to form a second noncondensed gas phase and a second essentially 
degassed oxidized liquid phase therein; 

10 d ) adding a pH adjusting substance to said first separated oxidized liquid phase after 

said first liquid phase has discharged through said first level control valve to produce a liquid 
with pH in a preselected range; 

e) discharging said second gas phase from said second separator vessel; and 

f) discharging said essentially degassed oxidized liquid phase, with pH in a 
15 preselected range, from said second separator vessel. 



said pH adjusting substance to said first separated oxidized liquid phase of step d) by means of a 



The process according to claim 14 further comprising controlling the addition of 



pH controller which monitors pH within said second separator vessel. 
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